14 Estimation of flood in ungauged catchments has great importance in the design of hydraulic 
the first of which is the overland region and the others are the streams. The probability of water 101 motion in a certain path :
... 
108
The number of streams at each order and how they are connected to each other specify the 109 probabilities in Eq. (1).
5
The value of IUH of a watershed comprising different runoff paths is given by Eq. The ordinates of DRH for the catchment were estimated by convoluting the effective rainfall 122 hyetograph with the derived IUH.
123
The equation for estimation of DRH is: 
Travel time of overland planes and streams

127
According to the kinematic wave theory, the travel time of an overland plane depends on the 128 length, slope, Manning coefficient, and excess rainfall intensity. Eq. (4) which is due to Yen and 129 Lee (1997) gives the travel time of the ith overland plane. 
136
The travel time of the ith-order channel in each path is obtained, based on its GP, through Eq. (5)
137
(Yen and Lee 1997):
where i co h is the inflow depth of the ith-order channel due to water transported from upstream 140 reaches, is given as:
Where n c is the Manning coefficient of stream, B  is the width of the stream. The value of h coi is 143 equal to zero for i=1.
145
Geomorphologic parameters (GP)
146
As observed in the Eqs. (5) and (6), the stream-order-law ratios particularly, R S , R A , R L , R B are of 147 high importance. These affect the travel time, IUH, and DRH; also, they are computed according 148 to the GP. For this purpose, the stream network is delineated by means of GIS. In the GIS, the 149 streams are ordered via Horton-Strahler method, and the number, length, and slope of the 150 streams are calculated at each order.
151
The value of R B is given by the following equation regarding the number of stream segments at 152 each order:
154 N i denotes the number of ith-order channels. The length ratio (R L ) is: The columns Table ( 
193
The Heng-Chi catchment is located in northern Taiwan and has an area of 53 km 2 (Lee 1998).
194
The Gagas catchment lies in the middle and outer range of the Himalayas in Uttarakhand State of 
Estimation of bifurcation ratio (R B ) 211
To estimate the bifurcation ratio of a catchment, the information concerning 80 watersheds with 
The correlation coefficient is equal to 0.91. Based on Eq. (8) 
Computation of area ratio (R A ) 231
The area ratio was assumed to be a function of the bifurcation ratio and the length ratio with The correlation coefficient of Eq. (16) 
249
(12) to (16).
250
The area of the catchment, the length and slope of the main river could be determined from the In the previous section of this study, empirical equations were presented to obtain 264 geomorphologic ratios. Now, we apply the GIUH model to look into sensitivity analysis of these 265 ratios and their effects on DRH and on peak flood. To this end, the information of the Kasilian 266 catchment was utilized. and peak of the runoff is seen in Fig. (3a) .The results of the model are compared with those of 275 recorded runoff hydrographs. 
288
The runoff is affected more by length ratio relative to bifurcation ratio, a fact seen also in Fig.   289 (3). The next section of the paper was dedicated to the effects of area ratio on the peak of runoff.
290
The values of area ratio were regarded to be between 3 and 6 with 1 unit increment values. 
294
As indicated by the results, the area ratio has had a slight effect on the runoff peak, so that 295 alterations of this ratio do not noticeably influence the shape of hydrograph and flood peak. The least error is 0.47 which corresponds to the ratio (0.7) while the actual slope ratio of the 300 Kasilian catchment is 0.38. Also, the mean relative sensitivity ratio is 0.042. The results indicate 301 that this parameter has little effect on runoff peak, too. 
306
According to the overall results, the relative sensitivity ratio of R B , R L , R A , R S , and R SO is 0.56, 307 0.92, 0.01, 0.042, and 1.33 respectively. The most effect concerns, correspondingly to the 308 overland slope ratio, length ratio, bifurcation ratio, slope ratio, and area ratio. Table ( 2) lists the GP as well as stream-order-law ratios of the three selected catchments using 
343
The greatest errors of the model emerged in estimation of, respectively, R S , R L , R SO , R A , and R B .
344
As observed in Fig. (5a) , the stream slope ratio has a slight affect on runoff, so its error could be 345 ignored. Regarding high sensitivity of the length and overland slope ratios their errors range 346 from 23 to 24 percent and it is recommended that the joint effects of all the ratios on DRH of the 347 selected catchments be considered.
348
In the previous sections, the influences of GP on runoff were pondered separately, and the GP of GIS-supported and GIS-unsupported (this study) cases. respectively, the overland slope ratio, length ratio, and bifurcation ratio, and the least effect was 400 related to area ratio, and streams slope ratio. 
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